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The full-length putative structural proteins encoded by open reading frame 2 (ORF2) and ORF3 of hepatitis
E virus have been cloned and expressed in recombinant baculovirus. Sera obtained from 28 Sudanese pediatric
patients with acute hepatitis and 19 pediatric control patients were analyzed for reactivity to hepatitis E virus
by using the baculovirus-expressed ORF2 and ORF3 proteins in a Western blot (immunoblot) format.
Seventeen of the 18 patients classified as having non-A, non-B hepatitis, without acute antibody markers for
hepatitis A, B, or C viruses, Epstein-Barr virus, or cytomegalovirus, were shown to have immunoglobulin M
(IgM) antibodies to the recombinant ORF2 protein, as did two patients with chronic hepatitis B, three of seven
patients with acute hepatitis A, and one patient with acute hepatitis B. None of the 19 control patients had lgM (3
antibodies against the ORF2 or ORF3 proteins. The Western blot assay using the baculovirus-expressed ORF3
protein did not appear to be as sensitive as the assay based on the ORF2 protein. Only 10 of the patients
classified as having non-A, non-B hepatitis had lgM antibodies to the baculovirus-expressed ORF3 protein. We
conclude that a Western blot assay which uses a baculovirus-expressed ORF2 protein is both sensitive and
specific for diagnosing acute hepatitis E.

Enterically transmitted non-A. non-B (ET-NANB) hepa- length HEV proteins encoded by ORF2 and ORF3 produced
titis occurs in epidemics and sporadically in many geo- by recombinant baculovirus. Both antigens were used in a
graphic locations, including India (12, 13. 25. 32), Nepal (10). Western blot (immunoblot) assay in order to diagnose hep-
Burma t18. 24), Pakistan (4), Nlxico t_'Si. the former Soviet atitis E in pediatric patients presenting with acute hepatitis in
Union (1), Africa (2, 23), North America (5), and western the Sudan. Although 17 of 18 patients with NANB hepatitis
Europe (17). ET-NANB hepatitis was first documented in had immunoglobulin M (IgM) antibodies that were reactive
New Delhi, India. in 1955 (30) and is primarily associated with the ORF2-encoded protein, only 10 of the 18 patients
with the ingestion of fecallv contaminated drinking water. had lgM antibodies reactive with the ORF3-encoded protein.
Acute outbreaks of ET-NANB hepatitis primarily affect The Western blot assay based on the ORF2-encoded protein
young to middle-aged adults and are often associated with a appears to be both sensitive and specific for the diagnosis of
high mortality rate irt infected pregnant women, approaching acute hepatitis E.
2097 in many reported epidemics (19). Hepatitis E disease is
transient and self-resolving and is similar to hepatitis A
clinically and epidemiologically except for the high mortality MATERIALS AND METHODS
rate in pregnant women. Recently, an ET-NANB hepatitis Construction of recombinant transfer plasmids. The plas-

agent has been cloned and sequenced and has been termed mid BET8 (26), which contains the entire HEV (Burma
hepatitis E virus (HEV) (21, 27). The virus appears to be a strain) ORF3, and a recombinant Xgtl0 bacteriophage
polyadenvlated, positive-stranded RNA virus with two ma- (BETi), which contains all of ORF2 except for 19 nude-
jor open reading frames (ORFs). The largest ORF (ORF1) is otides at the 5' end (26), were used as templates in the
bcliev'ed to encode nonstructural proteins such as the RNA- polvmerase chain reaction (PCR) (24). % hch resulted in the
depcndcnt RNA polymerase (21D. a put..:ive hclicase (6), and entire ORF2 and ORF3 amplified DNA framents with
others recognized from structural motifs (15). The second flanking Abal restriction endonuclease cleavage sites. Thir-
major ORF (ORF2) and the small third ORF (ORF3) have tv-five PCR cycles were performed in a 50-o.I volume con-
been shown to encode highly immunogenic antigens and may ta-ing each of the two priners at 0.1 iM. PCR buffer (U.S.
encode the structural proteins of HEV X27. 33). Diagnostic Biochemicais, Cleveland, Ohio), 25 mM MgCI,, and 1 U of
assays using ORF3 or truncated ORF2 recombinant HEV

Taq polymerase (U.S. Biochemicals). Each cycle consistedstructural proteins fused to Sj26 or to irpE and expressed in of a denaturation at 95'C for 45 s, primer annealing fcr 1 min
Escherichia coli have been described recently (3, 7, 20, 33). at 37C, and primer extension at 72"C for 3 mi. Primers used
In addition, an immunofluorescence assay using primate to amplify ORF2 were primer 1, 5'-GCG-CGC-IC-AG -liver tissue infected with HEV has also been described (16). ATG-CGC-CGG-CIT--CCT-ATI'-ITG-TTGG- TGCTC-

In this article, we report on the expression of the full- CTC-ATG-TTT-TTG-CCT-ATG-CTG-CCC-3', correspond-

ing to 54 bases from nucleotide 5146 to 521oi, and primer 2.
5 '-GCG-CGC-TCT-AGA-CTA-CTA-C..L,--- CTC-CCG-AGT.

* (rx-pndjeiig author. "TT-ACC-CAC-CTT-CAT-CT-r-AAG-GCG-CTG-AAG-
" l're'c- addres: Triplex Pharmaccutic.iI corporation. The CTC-AGC-GACAGT-3', corresponding to 57 bases from

\,,,d.,. TX -- 3,,. 7072 to 7129 (27). Primer 3, 5'-GCG-CGC-.-ATG

98 12 3 02 I
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AAT-X.AC-ATG-TCr-lTT-GCT-GCG-CCC-'. corre-
, : o 21 bases from 5105 to 5153. and primcr 4. A pPSP7.

5'-GCG-CGC-TCT-AGA-TTA-TTA-GCG-GCG-CGG-CCC- (O AmpA

CAG-CTG-TGG-3', which corresponds to 24 bases from /
5454 to 5478 (27), were used to amplify ORF3. Each primer
also contained flankingXbal restriction endonuclease cleav-
age sites (underlined) and 6 additional nucleotides at the 5'
end. The ORF2 and ORF3 PCR products were digested with
Xbal iNew England Biolabs, Beverly, Mass.) and ligated
into the compatible NheI site in transfer vector pBlue-Bac2 pJKH1
(Invitrogen. San Diego, Calif.) which was previously di- Hindili

gested with Nhel and treated with alkaline phosphatase LacZ
(Boehrincer-Mannheim, Indianapolis, Ind.). After transfor- /
mation into IN-Via competent cells. ampicillin-resistant col- /.-H iindlh
onies vere screened for the presence of the appropriate
recombinant plagmids (22). The orientation of the inserted . .. Nhe.

fragments in pBlue-Bac2 was confirmed by restriction en- ,t '

zyme analysis and by partial DNA sequencing of the sub- 0
cloned fragments by the method of Sanger (22). A recombi-
nant plasmid containing the ORF2 fragment was digested I Hindf
with Hindlil and a recombinant plasmid containing the Nhel

ORF3 fragment was digested with BamHI and Ncol (Be-
thesda Research Laboratories, Gaithersburg, Md.) in order
to determine the correct orientation. B pPsp?2

Generation of recombinant baculovirus. Autographa cali- • Amp)

foniica nuclear polyhedrosis virus (AcNPV) and recombi-
nant AcNPV (rAcNPV) were grown in Spodoptera fru-
giperda 9 (Sf9) insect cells in Grace's medium (Invitrogen)
supplemented with 10% fetal bovine serum. Recombinant
transfer vector and wild-type AcNPV DNA were used to
cotransfect Sf9 cells (Invitrogen) (31). Blue baculovirus pJKH2
recombinant trAcNPV) plaques were then selected and
expanded in Sf9 cells. Stocks of independent recombinant
viruses were stored at 4"C.

Protein preparation and immunoblot analysis. For initial
screening, 106 Sf9 cells were infected with recombinant virus LacZ
(rAcNPV) at a multiplicity of infection of approximately 3
for ORF2-rAcNPV and approximately 2 for ORF3-rAcNPV
and incubated at 27"C for 48 h. The cells were pelleted by
centrifugation at 3,000 x g for 10 min. The supernatant was
recovered and stored at 4*C. The cell pellets were suspended Nca!
in 0.5 ml of 2% sodium dodecyl sulfate (SDS)-0.2 M NaCI- ho
0.2 M Tris (pH 7.5)-1.5 MM MgCI 2, heated to 100rC for 3
m., and sTored at 7.5- .5 Thee M cel hates (as wellC asr FIG. 1. Graphir representations of the ORF2 and ORF3 PCR
rain, and stored at -20*C. These cell iysates (as well as products with flanking Xbal ends ligated into the Nhel site of
identically treated uninfected Sf9 cells and Sf9 cells infected pBlue-Bac2, resulting in pJKHil (A) and pJKH2 (B), respectively.

j with wild-type baculovirus) and supernatants were then
diluted with 2x protein sample buffer and boiled for 10 min,
and equal quantities of each protein were separated by
SDS-12.5% polyacrylamide gel electrophoresis (PAGE). phosphatase-labeled anti-goat lgM immunoglobulin (Kirkeg-

Proteins separated by SDS-PAGE were electroblotted (22) aard & Perry Laboratories, Gaithersburg, Md.) in wash
onto nitrocellulose membranes in transfer buffer containing medium for 1 h at room temperature. After an additional
25 mM Tris, 190 mM glycine, and 20% methanol. Mem- wash, the nitrocellulose membranes were then incubated for
branes were blocked with phosphate-buffered saline (PBS) 15 min with nitroblue tetrazolium (0.1 mg/ml) and 5-bromo-
containing 1% sodium caseinate, 0.05% sodium azide, and 4-chloro-3-indolylphosphate (0.2 mg/ml) in diethanolamine
0.05% Tween 20 for 1 h at room temperature, and some buffer (Kirkegaard & Perry).
membranes were cut into 2-mm strips. The nitrocellulose Immunofluorescence. Uninfected Sf9 cells and Sf9 cells
membranes were then incubated with optimal concentra- infected with AcNPV or infected with rAcNPV at a multi-
tions of patient sera (1:900 for the recombinant ORF2 protein plicity of infection of approx.imately 1 were cultured in
and 1:300 for the recombinant ORF3 protein) for 2 h at 4"C. Lab-Tek Flaskette Biological Growth Chambers (Miles Sci-
Preliminary experiments suggested that these concentrations entific, Naperville, Il.). After 72 h of growth, slides with the

Sresulted in a maximum signal with a minimum of background adherent Sf9 cells were fixed for 10 min in 50% methanol and
(data not shown). Sera were obtained from pediatric patients 50% acetone at room temperature. Slides were then blocked
who presented with acute hepatitis in Khartoum, Sudan (9). with PBS containing 1% normal goat serum (NGS) (Pei
After being washed four timcs with PBS containing 0.05% Freez Biologicals, Rogers, Ark.) for 1 h. After a washiag
Tween and 0.05% sodium azide (w3sh medium), the strips with PBS-1% NGS, slides were incubated with a 1:200

were then incubated with a 1:1,000 dilution of goat alkaline dilution in PBS-1% NOS of high-titered rabbit polyclonal
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FIG. 2. (A and B) Immunoblot analysis of cell pellet containing uninfected Sf9 cells (lanes 1), Sf9 cells infected with AcNPV i lnes 2), or

Sf`9 cells infected with ORF2-rAcNPV (Ai or ORF3-rAcNPV (Bi dianes 3). Antibody used was a 1:900 dilution of sera irum a pa-.z.-: 4cutely
infected with HEV. (C) Immunoblot reactivities of 19 pooled serum samples obtained from control Sudanese patients without acu-:~ hepatitis
directed against Sf9 cells (lane 1). Sf9 cells infected with wild-type virus (lane 2 ). Sf9 cells infected with ORF3-rAcNPV (lane S,ý. 07 Sf9 cells
infected with QRF2--rAcNPV (lane 5). As controls. reactivities of sera obtained from a patient with acute hepatitis E ag~ainst ORF.--r.-cNPV
(lane 4) and ORF2-rAcNPV (lane 6) are shown.

scra directed against either the ORF2- or the ORF3-encoded ORF2 fragment, was digested with HindlIJ. and i~e correct
antigens expressed in E. coli (unpublished data) or the orientation of the fragment within the plasmid was confirmed
corresponding preimmune sera. After incubation for 1 h, the by the presence of 928-. 1.512-. and 9,880-bp fracrnents (27)
slides were washed again with PBS-1%- NGS and incubated (data not shown). Similarly, pJK}-12. a recombinant plasmid
for 1 h with a 1:60 dilution of fluorescein isothiocyanate- containing the ORF3 fragment, was digested with Barn HI
conjugated goat anti-rabbit l-G Flab' I- (Sigma 6mmuno and.NcIl. and the correct orientation ofthe fraet-z7: \ thin
Chemicals, St. Louis, Mvo.) in PBS-11- NGS. After a wvash- the plasmid was confirmed by the presence of 350O- and
ing with PBS-1%r NOS, the slides were examined by fluo- 1,0-pfamns(7 dt o hw)

rescece mcrosopy.Expression of ORF2- and ORF3-encoded proteins in Sf9
cells. Recombinant baculovirus virions (rAcNPNX %k ere ob-

RESULTS tained by cotransfection of Sf9 cells with either pJK.H1 or
Construction of recombinant transfer plasmids. The PCR- p11(1-2 and wild-type AcNPV DNA as previousl% described

generated ORF2 and ORF3 fragments which included flank- (14). Recombinant plaques were selected and expanded for
ing XbaI restriction sites were digested with XbaI, and the 48 h in 2 x 106 Sf9 cells, and aliquots of the cell pellets and
resulting 1,988-bp ORF2 fragment and the 378-bp ORF3 supernatants were analyzed by Western blot assay using
fragment were each ligaited into the compatible Nhel site in pooled polyclonal human sera previously shown ito contain
,he :nrinsfer vector pBlue-Bac:2 which had been previously 1gM antibodies against a truncated ORF--r~pE fusionpoti

~I~tdxvith .\hel and treated with alkaline phoph~tiuic i. \As ýho%%n in Fig_. 2. ain r.-cN P\ -(RF>T-AC:NPVi
Fi t. 1). Correct orientation of OR F_ 't -HCRF3 fraimcni, i - 'in an1 URF-2 prolcý ,. "

the transfter vcctor wecre confirmed by restriction enzyme weiight based on amino acid sequcncei of app-o'\imatc)lv
analysis. pJKI-l1. a recombinant plasmid containing the 7().40(t and an rAcNP\7 (ORF3-r.AcNP\' cxpresing an
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immunofluorescercc -asszi' with rabbit poh'clonal sera spc-
cific for ( F)P!7-' (),P° ,F: : c¢l ;,, K', ' •orrc','

preimmunc s.osk. 1. In Y-1-.
immunofluorescenec was observed w,.hen Sf9 cells infected
with ORF2-rAcNPV %ere incubated with ORF2-specific
polyclonal sera. No such immunofluoresccnce was observed

iv when the ORF2-rAcNPV-infected cells were incubated %k ith
preimmune ORF2 sera or when uninfected or AcNPV.
infected Sf9 cells \,.-ere incubated with ORF2-specific sera.
Similarly, significant cytoplasmic immunofluorescence was

S also observed when Sf9 cells infected with ORF3-rAcNP\V
were incubated %, ith ORF3-specific polyclonal sera (Fig. 31.
By comparison. n~o such immunofluoresccnec was observed
when the ORF3-r.AcNPV-infecicd cells \\cre incubated moth

preimmunc ORF3 sera or ",hcn uninfected or .-%cNP\-
infected Sf9 cell!. '.ere incubated %\`ith ORFS3-spccific sera.

Use of ORF2- and ORF3-encoded pr:,tcins in Western N~ot
assays. The recombinant baculovirus-expressed ORF2 and
ORF3 proteins \% ere used as antigens in a diagnostic Western
blot assay. Sera \kere obtained from 28 Sudanese pediatric
patients with acute hepatitis as well as from 19 Sudanese

k pediatric control patients who presented with illnesses other
than hepatitis. Immunoreactivity of sera from the acute
hepatitis patients %ith the ORF2 baculovirus-expressed re-
combinant as determined by Western blot assay is shown in
Fig. 4A. Serum s.mpics identified as having lgM antibodies
against the bacu~ovirus-expressed ORF2 protein were ob-
tained from 17 oi k.• patients t94. 4%) w\ith NANB ncpatidti
(Fig. 4A, lanes 9 to 20, 23 to 25, 27, and 28), 3 of 7 patients

,- -(42.9%) with acute hepatitis A (lanes 1, 2, and 8), 2 of 2
patients with chronic hepatitis B (lanes 21 and 22) and 1
patient with acu:-, K-patitis B lane -). None of the 1Q controlserum samples contained IgM antibodies which reacted with

FIG. 3. Analysis of uninfected, ORF2-rAcNPV-infected, and the ORF2 baculovn-us-expressed protein (Fig. 4B). Of the 18
ORF3-rAcNPV-infected Sf9 cells by using immunofluorescence. (A) acute hepatitis p.atients. 10 patients (55.6-) with NANB
ORF2-rAcNPV-infected cells incubated with ORF2-specific poly- hepatitis were identified by immunoblot analysis as having
clonal rabbit sera; (B) ORF2-rAcNPV-infected cells incubated with 1gM antibodies against the haculovirus-cxpressed ORF3
preimimune polyclonal rabbit sera; (C) uninfected cells incubated protein (Fig. 4C. lanes 9, 11, 12, 16. 19, 20, 22, 23, 25, and
with ORF2-specific polyclonal rabbit sera; (D) AcNPV-infected 27). Sera from all 10 of these patients also reacted with the
cells incubated with ORF2-specific polyclonal rabbit sera; (E) ORF2 baculovirus protein as described above (Fig. 4A, lanes
ORF3-rAcN'PV-infected cells incubated with ORF3-specific poly- 9, 11, 12, 16. 19. 20, 22, 23, 25, and 27). None of the 19
clona] rabbit sera; (F) ORF3-rAcNPV-infected cells incubated with control serum samples contained 1gM antibodies which

""' preimmune polyclonal rabbit sera; (G) uninfected cells incubated conted sampl es sed protes which
with ORF3-specific polyclonal rabbit sera; (H) AcNPV-infected reacted with ORF3 baculovirus-expressed protein (Fig. 4D).
cells incubated with ORF3-specific polyclonal rabbit sera.

DISCUSSION

In the present study, we have chosen to express the
ORF3 protein with a calculated molecular weight (based on putative structural proteins of REV in baculovirus. Accord-
amino acid sequence) of 12,700 (ORF3) were observed in cell ing to a recent review (14), 207 recombinant proteins derived
pellets. No recombinant proteins were identified in cell from viruses, bacteria, fungi, plants, and animals have been
supernatants (data not shown). Maximal expression of ORF2 reported to have been expressed in baculovirus. The advan-
and ORF3 recombinant proteins as determined by Western tage of using baculovirus for expression is evident-proteins
blot analysis occurred 48 and 96 h postinfection, respec- expressed in insect cells are processed, in most cases, as
tively. Sera without detectable anti-HEV obtained from they would be in mammalian cells, with a resulting authen-
patients in the Sudan suffering from illnesses other than tic, functional protein. Although the limited growth of HEV
acute hepatitis E were pooled. These pooled sera failed to in a cell culture system has been recently reported (8),
recognize baculovirus-expressed ORF2 and ORF3 proteins, quantities of natural HEV proteins sufficient for further
uninfected Sf9 cells, or Sf9 cells infected with wild-type studies are not readily available, and it is therefore not
baculovirus (Fig. 2C). Fifteen additional negative control known at the present time whether the baculovirus-ex-
serum samples obtained from the Philippines failed to react pressed proteins reported herein are identical to those ex-
with baculovirus-expressed recombinant ORF2 and ORF3 pressed by HEV.
proteins (data not shown). The Western blot assay using the baculovirus-expressed

Anal.sis of rAcNPV-infected cells using an immunofluores- ORF2 protein described in this article appears to be sensitive
cenct assay. Uninfected Sf9 cells, and Sf9 cells infected with and specific for the detection of anti-HEV tgM in human
AcNPV, ORF2-rAcNPV, or ORF3-rAcNPV at a multiplicity sera. We were able to identify anti-HEV IgM in the sera of
of infection of approximately 1 were examined by using an 17 of 18 patients with acute NANB hepatitis but not in the
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I.C.: C'c ,:ontrol p1 atients presenting at the same clinic ith jnmunoissav" of hepatitis E virus lgG and lgM antibodies

1'.: - : ,er th:mn acute hepatitis. Beca;use of a lack o; : Comt-inant ;ind ý.\nihclic pcpidic,. .1. \lcJ. \irol

sio.nincant reactivity against Sf9 proteins, %%c have been able 3S:,

to use crude cell pellets in this assay without significant 4. De Cock. K. M.. D. W. Bradley, N. L. Sandford, S. Govindrajan,

back-,-round reactivities. At present we are unable to account J.E. Maynard, and A. G. Redeker. 1987. Epidemic non-A.non-B hepatitis in patients from Pakistan. Ann. Intern. Med.
for the 1gM anti-HEV antibodies identified in sera from the 106:227-230.
single patient with TgM anti-hepatitis B core antibody, and it 5. Fortier, D., T. L. Treadwell, and R. S. Koff. 1989. Enterically

is not clear whether this represents false positivity or simul- transmitted non-A. non-B hepatitis: importation from Mexico to
taneous (or overlapping) infection. It is easier to understand Massachusetts. N. Engl. J. Med. 320:1281-1282.
the presence of lgM antibodies against both hepatitis A virus 6. Fry. K. E., A. W. Tam, M. M. Smith, J. P. Kim, K.-C. Luk,

and HE• in the sera of three patients, since simultaneous L. NI. Young, %I. Piatak. R. A. Feldman, M. A. Purdy, K. A.

infcc:uon via the fecal-oral route might readily occur. .McCaustland. D. W. Bradley, and G. R. Reyes. 1992. Hepatitis

!n the 7,resent siud\,, the recombinant ORF2 protein E virus tHE\'*: strain variation in the nonstructural region.
• - Virus Genes 6:173-185.

appears to ne far more sensitive as a diagnostic antigen than 7. Goldsmith. R.. P. 0. Yarbough, G. R. Reves. K. E. Frv. K. A.
the ORFS protein. This may be due to several factors. First. Gabor. I. Kamel. S. Zakaria. S.Amer. and V. Gaffar. 1992.
although the same amounts of cellular material infected at Enzyme-linked immunosorbent assay for diagnosis of acute
approxima'ely the same multiplicity of infection with either sporadic hepatitis E in Egyptian children. Lancet 339:328-331.
ORF2-rAcNPV or ORF3-rAcNPV were used in the assays, 8. Huang. R. T., D. R. Li, J. \%ýei, X. R. Huang, X. T. tuan. and

it is possible that the cellular expression of the ORF2 X. Tian. 1992. Isolation and identification of hepatitis E virus in

recombinant protein is better than that of the ORF3 recom- Xinjiang. China. J. Gen. Virol. 73:1143-1148.

Nbnant pro'ein. Therefore, if equimolar quantities of each of 9. Hyams. K. C.. M. A. Purdy M. Kaur, M. C. McCarth%.

these proteins were used in a diagnostic Western blot assay, M. A. M. Hussain, A. EI-Tigani, K. Krawczynski, D. WV.
"i Bradley, and %I. Carl. 1992. Acute sporatic hepatitis E in
it is possible that the ORF3 protein might provide the same Sudanese children. J. Infect. Dis. 165:1001-1005.
sensitv, iv as the ORF2 protein. Alternatively, the increased 10. Kane, M. A., D. W. Bradley, S. M. Shrestha, J. E. Maynard,
"sensitivit" observed with the ORF2 protein may be due to E. H. Cook, R. P. Mishra, and D. D. Joshi. 1984. Epidemic
the presence of many epitopes on the ORF2 protein which non-A. non-B hepatitis in Nepal: recovery of a possible etiologic
arc recogr:zý'd by antibodies from acutely infected patients. aicri dnl traer,'nsion studies in marmosets. JAMA 252:3140-
in contrast to the single epitope which is located at the 3145.
carboxy terminus of the ORF3 protein (11). 11. Kaur, M., K. C. Hyams, M. A. Purdy, K. Krawczynski, W. M.

Cloned PCR products used in the present study to gener- Ching, K. E. Fn', G. R. Reyes, D. W. Bradley, and M. Carl.

ate the recombinant baculovirus-expressed ORF2 and ORF3 1992. Human liner B-cell epitopes encoded by the hepatitis E

proteins %%ere derived from the HEV Burma strain (21). virus include determinants in the RNA-dependent RNA poKv

Since there appears to be some divergence in the nuclecde 12.merase. Proc. Natl. Acad. Sci. USA 89:3855-3858.
12. Khuroo, M. S. 1980. Study of an epidemic of non-A, non-B

sequences of HEV isolates from different geographical re- hepatitis. Possibility of another human hepatitis virus distinct
gions (21. 29), there may also be differential antibody re- from post-transfusion non-A, non-B type. Am. J. Med. 68:818-
sponses against these isolates. In support of this hypothesis 824.
is our preliminary observation that sera derived from pa- 13. Khuroo, M. S.. W. Duermneyer, S. A. Zargar, M. A. Ahanger,
tients acutely infected with HEV in Cairo do not react as and M. A. Shah. 1983. Acute sporadic non-A, non-B hepatitis in

stronglv with the baculovirus-expressed ORF2 protein as do India. Am. 1. Epidemiol. 118:360-364.
' sera from acutely infected patients from the Sudan (data not 14. Knight, P. 1991. Baculovirus vectors for making proteins in

shown). WVe are presently using this Burma strain-derived insect cells. ASM News 57:567-570.

* ORF2 protein to screen sera from patients with acute NANB 15. Koonin, E. V., A. E. Gorbalenya, M. A. Purdy, M. N. Rozanov,
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